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The present invention relates to an illumination arrangement, in particular for a 
projection system, or the like» and more particular to an illiunination 
arrangement for a projection system which employs solid state light sources. 

5 Nowadays, in many electronic appliances display devices are necessary for 
displaying information to a user or an audience. Because of the large variety of 
different types of electronic appliances having such a display device it became 
necessary to develop display devices for which only a limited space and/ or a 
limited power consumption are available. Therefore, the idea* of involving an 

10 array of light emitting diodes (LED) came up, but it was realized at the same time 
that known and state of the art Ugbt emitting diodes have only a very limited 
light output capability. Additionally, the coupling of the generated primary 
Illumination light emitted by a known hght emitting diode to the projection 
objects appeared to be rather compUcated, as every single light emitting diode 

15 has to be coupled to the projection optics by using Independent optical fibres. 

It is an object of the present invention to provide an illumination arrangement, in 
particular for a projection system, which is capable of using solid state light 
source devices having only low Ught output capabilities and which at the same 
time enables an easy and reliable optical coupling of the primary illumination 
20 Ught from the soUd state Ught source device to projection optics. • - - 

The object is achieved by an illumination arrangement according to claim 1. 
Preferred embodiments of the inventive illumination arrangement are within the 
scope of the dependent subclaims. 

The iUumination arrangement according to the present Invention is adapted for a 
25 projection system, or the like, and comprises a light source device and a Ught 
coUecting, Integrating and redirecting device. The Ught source device is adapted 
for generating and for emitting primary iUumination U^t. The Ught coUecting, 
integrating and redirecting device is adapted for receiving at least a part of said 
primary iUumination Ught from said light source device in a direct manner. The 
30 light coUecting, integrating and redirecting device is further adapted to redirect 
said received primary iUumination light so as to obtain directed primary 
iUumination light. AdditionaUy, said Ught coUecting, integrating and redirecting 
device is adapted for outputting said redirected primary iUumination Ught or a 
derivative thereof as secondary iUumination Ught. According to the present 
35 Invention, said Ught source device is or at least comprises at least one soUd state 
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light source device- Said light coUecting, integrating and redirecting device 
comprises at least one Ught valve device which is adapted for receiving said 
redirected primary illumination light and for outputting said secondary 
Uluznination Ught in a controllable manner. Further, said Ug^ht collecting. 
5 integrating and redirecting device comprises at least one Ught Integrating device 
being adapted for directly receiving and for integrating at least a part of said 
primary iUuminatlon Ught generated by and emitted from at least one associated 
of said at least one solid state Ught source devices and for outputting said 
redirected primary illumination Ught or a derivative thereof. 



10 It is therefore a basic idea of the present invention to use at least one soUd state 
Ught source device as said Ught source device. It is a further basic Idea of the 
present invention to have at least one light integrating device which Is adapted 
for directly receiving and for integrating at least a part of said prhnary 
iUuminatlon Ught. Therefore, in contrast to prior art systems which use for 

15 instance LED devices together with a multipUcity of Interposed fibre optical 
elements to coUect and redirect the received output Ught from the LED devices, 
soUd state Ught source devices can be used and coupled in an easy and reliable 
manlier. 



There are several possfbflitles of realizations for said solid state light source 
20 devices. First of aU. it is preferred to have the soUd state Ught source device 
comprised of a single or -of a pluraUly of soUd state Ught sources. 

If a pluraUty of soUd state Ught sources is involved said pluraUty may be built-up 
by or may comprise an array of soUd state Ught sources. 



It is of particular advantage to Involve different kinds of soUd state U^t sources. 
25 in particular if each of which is adapted for generating and for emitting radiation 
or Ught of distinct spectral ranges or colours. In this case, they may be in 
particular organized In distinct groups, wherein in particular each group is then 
capable of producing radiation or Ught of a given spectral range or colour. 



According to a further advantageous embodiment of the inventive iUuminatlon 
30 arrangement each of said soUd state ll^t sources is a single light emitting diode 
(LED) or a multiplicity of light emitting diodes. Also edge-emitting LEDs (EELED) 
or pluraUties thereof can be used. 

Alternatively or additionally, each of said soUd state Ught sources is a single 
vertical cavity surface emitting laser device (VCSEL) and/ or a laser diode (LD) or 



MOLLER • HOFFMi 




& PARTNER 



- 3 - 



Sony Tnter«|p»fa"gl (Europe) GmbH 



54.256 



07.11.2OO2 



a multiplicity of vertical cavity surface emitting laser devices and /or laser diodes 



Alternatively or additionally, each of said solid state light sources is a single 
resonant cavity light emitting diode (RCLED) or a plurality of resonant cavity 
5 light-emitting diodes. 

To allow most of the primary Illumination light generated and emitted by the 
light source device to be used and to be optically coupled to projection optics and 
to avoid primary illumination light to escape from the location of its generation 
without being collected it is also proposed that said light Integrating device and 
10 said at least one associated soUd state light source device are disposed in closed 
spatial proximity or relationship to each other. 

It is in particular suggested that said Ught Integrating device and said at least 
one associated solid state light source device are disposed in direct mechanical 
contact to each other. 

15 In contrast, the coliectmg properly of the light inicgratiug device can be 
increased if according to a further preferred embodiment said light integrating 
device and said at least one associated solid state Ught source device are adapted 
to have a gap structure between them, in particular an air gap, an evacuated 
gap, the gap width of which being small in particular compared to the cross- 

20 sections of the Ught integrating device and/ or said at least one associated soUd 
state light source device. 

According to this measure and in accordance to the refraction law of SneUius 
even more light generated and emitted by the associated soUd state light source 
device can be collected and integrated by said light integrating device. 

25 To further increase the U^t transmission from the associated soUd state Ught 
source devices to the associated Ught integrating devices it is proposed ' in 
accordance to a further preferred embodiment of the present invention that said 
Ught Integrating device has a light incidence aperture, that said associated soUd 
state light source device has a Ught emitting aperture, and that said Ught 

30 emitting aperture is less than or equal to said Ught incidence aperture with 
respect to their diameter or cross-section area. According to this particular 
measure the cross-section or the area of the Ught incidence aperture of the light 
integrating device gets the best iUumination with respect to the primary 
lUumination Ught generated by and emitting from the associated soUd state Ught 

35 source device. 



(LD). 
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There are different possibilities of building-up said light integrating device. First 
of all said light integrating device may be a light pipe, an integrator rod, and/ or 
the like. 

Said light integrating device may be a solid rod, made in particular of plastic, 
5 gllass, or an other optical transparent material. 

Alternatively, said light integrating device may be built-up as a hollow tube 
device or tube element having reflecting or mirrored inner walls or side faces. 



as 



According to the above-mentioned measures, said light integrating device acts 
a light guide for the received primary illumination Ught. 

10 Advantageously, said light integrating device has a square, rectangular, 
hexagonal or equilateral triangular cross-section to obtain a uniform 
distribution. Oval or circular cross-sections are also possible if there are 
uniformity restrictions possible. 

Additionally or alternatively, said light integrating device may be built-up as a 
15 Ught mixing device, in particular as a beam splitter device, a colour cube device, 
and/ or the like. 



In this case said light integrating device may have a pluraUty of lig^ht incidence 
apertures and at least one light output aperture. 

According to this measure it is possible to use said Ught integrating device as an 
20 input stage for the primary iUujninatlon Ught of different and separated soUd 
state light source devices, the primary illumination Ught of which entering 
different Ught incidence apertures and the mixing Ught leaving the light 
integration device after being mixed within said Ught integrating device and 
exiting the light integrating device firom said Ught output aperture. 

25 Of course, different Ught integrating devices can be combined with each other so 
as to combine and integrate and redirect primary iUumination Ught stemming 
from different and spatially separated different soUd state Ught source devices to 
yield a secondary illumination Ught having best iUumination and projection 
properties. 

30 In the foUowing these and further aspects of the present invention wiU be more 
elucidated: 



I 
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Solid state light sources (SSLS) present a number of advantages for rear- and 



front-projector engines when compared with traditionally used high pressure 
lamps. In particular* SSLSs allow colour management at the source level: they 
allow a better colour saturation, and they have a much longer lifetime. Moreover, 
5 SSLSs allow the design of new ll^t engine architectures leading to more compact 
and potentially cheaper devices. 

The improvement of the lumen output, e. g. of light emitting diodes (LEDs), make 
them a natural tentative candidate to be used In projectors. As the light emitted 
by a single LED Is not sufficient for some projector appUcatlons, the Idea of 
10 collecting the light emitted by an array of LBDs and In redirecting It through the 
light valve came up. If the LED array covers a surface greater than the panel 
surface » light pipes coimnonly are used to collect the light of each Individual 
LED. This approach requires a precise and cosUy assembly. 

Instead, it is proposed to optimise the design of the Illumination engine based on 
15 today and Incoming solid state light source technology based e. g. on optimised 
light source configurations coihblned with an mtegratlon rod. 

The problem of common projectors using solid state light sources Is the limited 
brl^tness or lumen output reaching the screen. The brightness depends on the 
source throughput, the directivity of emission of the source and the optical 
20 efficiency of the projector engine. 

As types of solid state light sources Ught emitting diodes (LED), edge-emlttlng 
light-emitting diodes (EELBD) resonant cavity light emitting diodes (RCLED). 
laser diodes (LD), and vertical cavity surface emitting lasers VCSEL are 
suggested. 

25 The limitations of available LEDs are the limited throughput and the non- 
directive emission according to the Lambertian emission law. 

VCSEL and RCLED have the big advantage to have a very directive emission. The 
limitations of available VCSEL and RCLED are e. g. that commercially available 
VCSEL and RCLED and lab samples of visible VCSEL and RCLED arc not 
30 powerful enough, and are only available for red and blue. 



LD's have the big advantage of a very directive emission. The limitation of 
available LDs is that commercially available LDs are powerful enough in red only. 
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Tlie invention proposes e. g. projector engine designs which optimise the use of 
LCDs of today technology as well as the use of VCSELs and RCLEDs as well as 
LDs. Moreover, some of the proposed designs are extremely compact and will 
allow the realization of embedded projectors, which is impossible with today 
6 technology. 

A first proposed approach consists in using LED arrays whose overall surface is 
smaller or equal to that of the light valve. In this case the light is guided onto the 
light valve by a single and simple Ught pipe, whose role also consists in making 
uniform the light distribution as shown in Fig. 1. The Ught pipe, also called 

10 integrator rod, can either be a solid glass or plastic rod or a hollow mirrored tube 
e. g. with a rectangular cross section. For a good coupling efficiency, an air gap 
is required between the LED array and the light pipe, and between the light pipe 
and the light valve. To avoid that too much li^t escapes laterally, this air gap 
should be kept as small as possible. The simplicity of the design is based on the 

15 matching of the light pipe and the light valve cross sections. Thus the light valve 
is uniformly illuminated by light coming out from the light pipe. The cross 
section of the LED array has to be smaller or equal to the cross section of the 



Beside marginal losses produced by Fresnel reflection at the light pipe 
20 extremitiest all the light emitted by the LED array is directed onto the light valve. 
At this point, the light has to go through the light valve and the projection optics 
before reaching the projection screen. Both the light valve and the projection 
optics have a limited angle of acceptance or aperture. This means that only the 
light Included within a given cone of acceptance is going to reach the screen, the 
25 rest being lost. 

The aperture of the projector is determined by the F/ number of the projection 
optics, typically F/3 (half cone angle of 10"*) for reflective light valve and F/2 
(half cone angle of IS"") for transmlsslve light valves. This meems that at the light 
valve plane, all the light which Is not within the cone of acceptance is lost. 

30 LEDs, without complementary optics, emit Ught vs. a Lambertian distribution. 
When the light reaches the projection optics, only the proportion of light within 
the cone of acceptance is going to reach the screen. As shown in Fig. 3, only 
small part of the emitted energy (3,0% for F/3 and 6,7% for F/2) is included 
within the acceptance cone. 

35 The optics between the LED array and the light valve can redirect the rays within 
the cone of acceptance, increasing the efficiency of the device. This can be done 
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either, by using colHmation micro-lenses in front of tlie LED array as shown in 
Fig. 4A, or by using a pyramidal integration rod according to Fig. 4B. In both 
cases however, the active emitting surface is considerably smaller than the light 
valve surface. In other words» the efficiency of the illumination engine can be 
5 improved by using collimatlon optics, but at the cost of the llgjbt throughput of 
the LED array because of a diminution of the emitting surface. 

Overall the limited (but Improving) throughput of the Lambertlan emitting LED 
arrays limit their use to low lumen output projectors requiring, e. g. in rear- 
projectlon TV. 

10 Vertical cavity surface emitting lasers (VCSEL) have the interesting property that 
they emit light within a cone of typically beam divergence of ±8"^ which is smaller 
than the cone of acceptance of the projection optics. Therefore, beside the losses 
of each individual optical element, all the energy emitted by a VCSEL array 
would reach the screen. As shown in Fig. 2. the VCSEL array can have the exact 

IS cross-section of the light valve. The intermediate optics, 1. e. the integration rod. 
is only used as light distribution uniformiser and has no colUmation 
fiiuCLlonality. The integration rod also eliminates any coherent property of the 
VCSEL. i. e. spe<dde. 
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Laser diodes have astigmatic emission, i.e. they do not need to be collimated in 
20 one axis (like VCSELs), but require collimatlon in the other axis. Asymmetric 
light pipes are therefore used. 

Figure 5 illustrates the architecture of a three-colour-path transmissive projector 
based on solid state light sources either LED array of VCSEL array and/or 
RCLED array. The imaging optics Ught valve and projection lens can be the same 
25 as those of a high-pressure lamp projector. However, the illumination engine is 
simplified and more compact, no fly-eye lens, no relay lenses are involved. 

The architecture of a hybrid projector, using high-pressure lamp for the green 
and blue channels and a solid state light source for the red channel, is 
schematically shown in Fig. 6. The goal of this configuration is to boosts the 
30 throughput of the red channel, which is relatively weak in standard HP lamp 
projectors (limitation due to the emission spectrum of high-pressure lamps). It 
should be noted that the more efGlcient visible solid state light source are 
available in the red. 

Solid state light sources can also be used in sequential colour projectors. The 
35 advantage over HP lamp sequential projectors is that colour management can be 
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done directiy at the source level, l, e. no colour fQter for colour separation is 
needed. The colour sel^tlon is made electronically by switching on and off the 
different Il^t sources. 

Very compact architectures can be achieved when using back-lighting 
lUumlnaUon light pipes. The illumination ll^t pipes have a similar design to 
those used for the back-llghting of T-LCD displays, typically used in laptops an 
cell phones. The light is guided inside the Ught pipe by total internal reflection 
and is selectively out-coupled from the light pipe by scattering zones placed 
along the light pipe surface. These compact projectors can be embedded into 
portable devices such as UMTS ceU phones, camcorders, palmtops, or the like. 

What distinguish configurations of Pigs. 6, 7 and 8 is the place available for the 
sources. 1. e. for the emission surface, and therefore the resulting lumen 
throughput of the projector. The extremely reduced space available for the 
sources in Fig. 8 configurations Implies the use of a highly efficient light sources, 
like VCSEL arrays and/or RCLBD arrays. 

Configurations based on reflectiv- light \'a!\'ss can also be built around solid 
state Ught sources. Nevertheless, the tategration rod cannot be placed m close 
contact With the Ught valve, as the Ught should escape through the projection 
lens. In other words, some kind of beam splitter is needed in front of the light 
valve. The uniform distribution of Ught coming out of the integration rod has to 
be projected by some relay optics on the Ught valve. BaslcaUy all the standard 
reflective projector configurations based on tategration rods can be adapted in 
order to use soUd state light sources. 

These reflective configurations are not as compact as the proposals based on 
transmission Ught valves. On the other hand there is space to place some kind of 
polarization recycler between the integration rod and the Ught valve. The same 
remark appUes to traditional transmission configurations which make use of 
integration rod. relay optics and polarization recycler. They can also be adapted 
in order to make use of soUd state light sources. 

When compared with traditional high pressure lamp projectors the invention 
offers the foUowtag advantages: 

Better colour saturation and larger colour gamut 



Colour management at the source level 
no need of colour filters 
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electronic sequential colour management 
possibility of dynamic contrast adjustment. 

Much increased lifetime of the source 

. No infrared emission on the optical path (cold light source) 
5 -> possibility to use low cost plastic optics 

. PossiblUty to improve the red channel of current three-colour-path 
projectors. 

When compared with other proposed LED projectors the invention offers the 
following advantages: 

10 - Simpler design based on integration rod in dose contact with the source 
panel and the light valve (no £ty-eye lens, no relay optics) 

Optimised LED-to-Ught-valve coupling efftclency 

. Use of directive emitting VCSELs. RCLEDs. or LDs for much Increased 
optical efficiency 

15 - Ultra compact configurations based on back-Ughtlng light pipes. 

In the foUowing. some further general and theoretical aspects of the inventive concq»t 
and its realisations are given taking reference to figures 10 to 12: 

20 One Aspect of the present toventlon and Its embodiments Is to sohre the problem of 
finding a configuration which maximizes the illumination of a suifece usmg an arr^ of 
LEDs. Moreover, the illumination of the surface needs to be unlfonn and the direction of 
the rays kept withto a limited aperture. The aperture or the angle of acceptance is 
detetmtocd by the numerical aperture of the Imaging optics. The difficult of the task 

25 comes fi^om the feet that the angle of acceptance Is generally small when compared to the 
large angular emission of the LEDs. having e.g. typical^ a LamberOan distribution. 

An lUumlnated surface may be. for example, the probe plane of a microscope, or 
the light valve plane of a projector. The Imaging optics are In these cases the 
30 microscope objective or the projector objective. 
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The constant improvement of the lumen output of light emitting diodes or LEDs 
make them natural candidates to he used as illumination U^t sources for 
automotive and building lighting. Other application like- microscopy and 
projection display are more demanding as the surface to illuminate is relatively 
5 small, it has to be illuminated uniformly and within the angle of acceptance or 
aperture of the optics. The Ught source may either be formed by a single LED, or 
preferably by an LED array when the required brightness is high. 

For LED arrays, it has been proposed to achieve the light collection using light 
10 pipes or fibers. The uniformity is usually achieved using an integration rod. In 
order to collimate the light within the aperture of the optics, an imaging optics is 
used to image the exit surface of the rod onto the plane to illuminate. 

Our inventive proposal consists of a simpler - therefore cheaper — and more 
15 energy efELcient approach, as the pyramid light pipes fulfill three functions of 
light collection, light integration, and light collimation* 

One problem of illumination devices using LEDs is the goal to illuminate a plane 
uniformly with maximum li^t power and within a limited aperture of the optics. 
20 In other words. 



3. maximization of the Ught engine efficiency or the minimization of the 
optical losses of the components 

have to be achieved and are achieved by the present invjcntion. 

30 

By using a single component from the solid state light source 30 or LED array 33 
to the illuminated plane, the proposed approach minimizes the optical losses, 
lowers the manufacturing costs, and simplifies the device assembly. 

35 The problem which is illustrated in Pig. 10, consists of finding a configuration 
which maximizes the illumination of a surface using an soUd state light sources 
or array 33 of LEDs 31. Moreover the illumination has to be uniform and the 
direction of the rays kept within a limited aperture. 



1. maximization of the collection efflcienc^r or the capture of light emitted by 
the LEDs, > 

2. maximization of the collimation efficiency or the directing of light with . 
the aperture of the given optics, and 
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The flluminated surface Sa may be, for example, the probe plane of a microscope, 
or the plane of a light valve 40 of a projector. The maximal aperture of the 
illumination rays is then defined by the numerical aperture of the microscope 
objective or the F-number of the projector objective 70. 

The collimation optics has to fulfil three roles : Ught coUector. light uniformizer. 
light collimator. These functions can be fulfilled by the combination of different 
types of elements* 

The difficulty of the task stems totcr alia from the non-directive radiaUon pattern 
emitted by the LEDs 31, which is e.g. typically a Lambertian distribution. This 
Ught needs to be redirected onto the limited surface to illuminate and within the 
limited aperture of the optics. 

Theoretical background 

In the following, again reference is taken to figures 10 to 12. 

AU illumination designs have to take into account the 6tendue theorem which 
states that the 6tendue or optical extent along an optical system carmot be 
reduced. For a given surface S the ^tendue E is defined by the surface *S 
multiplied by the solid angle Q sustaining the light rays. i.e. 

E^SQ. CD 

according to Fig. 1 1 for Definition of the £tendue E. 

In the general system illustrated in Fig. 10. the maximal useful 6tendue Eg is 
defined by the surface Sa to illuminate and the solid angle Oa- For instance, if for 
the £tendue Ej of the source the relation Ei>E2 holds, then part of the Ught is 
lost. 

The solid angle Oz is function of the aperture of the optics and is given by the 
equation 

= 2;r • (l-cos9>2) ^ 47C • sin^^^ j (2) 
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where 92 Is the half angle of the cone of aperture. 



The 6tendue Eg of the LED array is defined as 



5 



(3) 



where Su is the emission surface of each individual LED. N is the number of 
LEDs in the array, and 2n is the solid angle of the hemisphere corresponding to 
the Lambertian emission. 

10 

100% co iHiTiaMft n efficiencv system . 

The 6tendue theorem states that the 6tendue along an optical system cannot be 
reduced. Therefore, In order to achieve an optical system with a lOO % 
15 coUimation efficiency, the emission surface Si of the LED array cannot exceed 
Simax Is shown by the following relations 



System with limited coUimation efficiencv 

If for the surface of emission the relation S,^Sinjax holds, part of the emitted light 
25 will not reach the surface S2 within the aperture 93, and will therefore be lost. 

The problem is analysed by looking at what Is the emitted cone or half'-angle 91 
at the surface S| which is within the aperture of the optics or half-angle 92 at the 
surface Si. 

30 

From the 6tendue theorem it follows that 




(4) 



20 




35 Is fulfilled. Therefore, 
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(5) 



is also fulfilled. 



The coupling efficiency tic is defined as the ratio of the emitted energy Wi within 
the cone defined by 9,, and the total energy W emitted by the source or surface 
Si. i.e.: 



El 
W 



(6) 



In the case of a Lambertlan light source with an emission angle the 
coupling efficiency becomes 

J }cos((DOoos(Jf)'da-dfi 
J J cos(a)cos(j?) da dp 

-«n-n/2 

The luminous flux W2 reaching the surface Sa within the aperture 9a is 
proportional to the emission surface Sj of ihe source and to the collimation 
efiCtciency tie, 

Tliree cases can be distinguished: 

1) 5, < iS,^ and nc=l. all the light emitted by the source can be used: W2 S^^ 

2) S2^S^>S^^ and tie<l. part of the light is lost, but as the surface of emission 

S] increases, W2 increases, and 



3) 1S2 >'Si' surface of emission Sj IncreaseSt but Wa docs not increase. 
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Proposed solution and features 

5 Different solutions based on reflectors and /or refractive lenses have been 
proposed for the collimation of LEDs. The drawback of these known approaches 
is that it is difficult to collect 100% of the light in the desired direction. Moreover 
the optics surrounding the LED is cumbersome. artiflciaUy increasing the 
€tendue of the source. In addition, further optics is needed to make the 
10 illumination uniform, e.g. fly-eye lenses or an integration rod. 

According to the present invention an approach based on — in particular 
pyramidal shaped - inte^ation rods is proposed. This approach fulfils the three 
needed functions of 



20 The working principle of a pyramidal integration rod or PIR is illustrated in Fig. 
5. The PIR has an entry surface S*. an exit surface S". and length L. The PIR can 
be an empty tube whose internal faces are mirrors, or a plain transparent 
material - e.g. mineral glass, plastic or the like - of index n. For a plam PIR, the 
rays are reflected on the surface by total internal reflection or TIR. As is 

25 illustrated for two rays in Pig. 5, the angle with respect to the PIR surfaces 
normal is smaller at the exit of the pipe than at its entrance. Given the 6tendue 
theorem, the collimation is defined as 



where ST is the solid angle of the ray before the PIR, and is the solid angle of 
the ray after the PIR. The relations S">S* and £1"<Q' are fulfilled. 

As for a normal integration rod, the rays are mixed within the rod. Two condition 
35 have to be fulfilled in order to get an uniform distribution at the PIR exit surface: 



- collecting the light emitted by the LED array, 

- collimating within the aperture of the optics, and 

- homogenising the iUtunination. 



(9) 



SO 
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1. The PIR cross-secUon has either to be square* rectangular, equilateral 
triangular, or hexagonal. 

2. The PIR has to be long enough to allow enough reflections against the PIR 
5 surface. 

The theoretical coUimation efficiency Tie is achieved for L^Le. Above the length Lc 
the collimation efficiency is constant. Lc Is determined experimentally or by ray- 
tracing simulation, in a case by case basis. 



In problem described above, the PIR entry surfece S» has to coincide with the 
LED emission surface Si, and the PIR exit surface S" has to coincide with the 
surface S2 to illuminate. As the LED array is constituted by a set smaU emission 
surfaces Si„ a micro PIR is placed in front of each LED. The light is then 
15 collected by a bigger PIR or integration rod. The three systems illustrated in Fig. 
6 are all equivalent, given the length of the PIR is long enough to complete the 
collimation and the homogenisation. 

Note that for a better coupling efficiency, an air gap is left between each LED and 
20 the PIR surface. 

Main advantageous features of the present invention are the usage of a single 
optical element is used for light collection, hgfat collimation, and light 
homogenisation. By using a single component from the Ught source (LED array) 
25 to the illuminated plane, the proposed approach minimizes the optical loses, 
lowers the manufacturing costs, and simplifies the device assembly. 

In the following the invention will be described in more detail taking reference to 
the accompanying Figures. 

Pigs. 1, 2 illustrate a first preferred embodiment of the inventive illumination 
30 arrangement. 

Pig. 3 shows a graph which illustrates the relative emission of light as a 



10 



function of the direction angle of emission for a light emitting diode. 



Pigs. 4At B show details of further embodiments of the present invention. 
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Figs* 5-9 Illustrate further embodiments of the present invention for multiple 
colour applications. 

Figs. 10-12 illustrate some of the theoretical background. 

Pig. 1 demonstrates by means of a schematical and cross^sectional side view a 
6 first preferred embodiment of the inventive illumination arrangement 1 • 

The embodiment of Fig, 1 consists of a light source device 10, which is built-up 
by a solid state light source device 30. The solid state light source device 30 of 
the embodiment of Fig. 1 consists of an array 33 of light emitting diodes 31. Said 
array 33 is formed to have a light emitting area or light emitting aperture 30B 
10 from which primary Illumination light LI is emitted to reach an incidence 
aperture 501 of a light collecting* integrating and redirecting device 20 which may 
consist as in the example of Fig. 1 of a U^t integrating device 50 and of a light 
valve device 40, the former of which is in this case formed as an integration or 
integrator rod SO of a solid bulk material, for instance glass, plastic, or the like. 

15 Rays ef primary lUumlnatien light LI entering said integrator rod 50 via said 
light incidence aperture 601 are first of all refracted according to the Snell's law 
of refracUon and according to a refractive index of the material of the integrator 
rod 50 being larger than the refraction index of the gap material of the gap G 
between said integrator rod 50 and the light source device 10, During the 

20 passage of the primary illumination light rays LI within the material of the 
integrator rod 50 said rays of light are reflected at the side walls or faces 50s of 
the Integrator rod 50. Finally, after a pluraUty or mulUplicity of reflections at the 
side walls SOs each of said received and multiply reflected rays of light of the 
primary illumination hght LI exits from the integrator rod 50 via output aperture 

25 50E and then enters the Ught valve 40 being situated in direct proximity to the 
light output aperture 50£. 

After exiting said integrator rod 50 via output aperture 50E, the light 
distribution in the second gap between the integrator rod 50 and the light 
valve 40 is more uniform than the light distribuUon at the first gap G between 
30 the light source device and the integrator rod 50. 

After receiving the redirected primary illumination light RLl the respective rays 
of light are allowed to pass through the Ught valve 40 in a controllable manner 
and they leave the light valve 40 as secondary illumination hght L2 to enter 
certain projection optics 70, shown in Fig. 2, and then entering a display screen 
35 80. 
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The gap G between the light source device 10 and the integrator rod SO which is 
shown in Figs. 1 and 2 is of particular importance as even in the case of an array 
of Ught emitting diodes each of said diodes 31 only has a minor directive 
emission capabiUty because the Ught distribution or energy distribution of 
emitting light waves obeys a Lambertian distribution as shown in Fig. 3. Fig 3 
demonstrates this Lambertian distribution as a graph demonstrating the relative 
energy of emitted light for a light emitting diode 31 as a fimction of the emission 
angle. From the distribution of Fig. 3 it can be derived, that it is necessary to 
keep the gap width of the gap G between the Ught source device 10 and the 
mtegrator rod SO as narrow as possible to increase the integral or the amount of 
primary iUumination light LI entering the area of incidence or incidence aperture 
501. . * . 

As can be seen from Fig. 2, the cones of acceptance of the integrator rod 50 and 
the displaying optics 70 may be different. Therefore. It could be necessary to 
adapt said cones of acceptance. This can be done alternatively by employing fly- 
eye-optics as shown in Fig. 4A or more preferably by using an integrator rod 50, 
having a pyramidal cross-section as shown in Fig. 4B. 

Figs. 5 to 9 demonstrate different possibiUties of combining soUd state Ught 
source devices 30 of different colours to obtain a multi-colour illumination 
arrangement for a multi-colour projection system. 

. In Fig. 5 three different coloured soUd state light source devices 30 having e. g. 
Ught emitting diode arrays 33 are given, each of said soUd state Ught source 
devices 30and therefore each of said light emitting diode arrays 33 being 
associated with an integrator rod 50 interposed between said soUd state light 
source device 30 and a li^t valve arrangement 40, so that for each of said light 
source devices 30 of different colours an arrangement similar to that shown in 
Fig. 1 is given. 

To combine the three different colours of said three different soUd Ught source 
devices 30 a Ught mixing device 55 or colour cube 55 common for each of said 
three arrangements is given being capable of receiving the respective secondary 
iUumination Ught L2. to mix them up, and to aUow them to pass over to the 
projection optics 70. 



Fig. 6A to 6C show different embodiments of the Ught coUecting, integrating and 
redirecttog unit or device 20 in the form of different integrator rod arrangements 
each of which being adapted for an array 33 of LBDs 31 or 31-1 to 31-4 as a Ught 



>ffJRm 
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source device lO and each of which being optically coupled to a light valve device 
40. 

In Fig. 6A the light collecting* integrating and redirecting unit or device 20 is 
formed as a plurality of more or less similar or identical separated and parallely 
5 arranged single pyramidal integrator rods 50-1 to 50-4 each of which being 
uniquely assigned and coupled with its respective light entrance section 501 to a 
given LED 31-1 to 31-4, respectively. The light entrances 501 are in each case 
smaller than the respective light output sections SOO which are optically coupled 
to the light entrance section 401 of a common Ught valve device 40. 

10 In Pig. 6B the more or less similar or identical separated and parallely arranged 
single pyramidal integrator rods 50-1 to 50-4 are optically coupled instead to the 
light entrance section 501' of a common and Integrator rod SO the light exit 500 
of which being optically coupled to the light entrance section 401 of a common 
light valve device 40. 

15 The common integrator rod 50 of the embodiment of fig. 6B has a uniform cross 
section, whereas the cross section of common integrator, rod 50 of the 
embodiment of Fig. 6C is non-uniform and the respective integrator rod 50 is 
formed pyramidal. 

Figs. 7A and 7B demonstrate two different arrangements for realizing multiple 
20 colour illumination arrangements for multiple colour projection systems which 
differ from the embodiment of Fig. 5. 

In the embodiment of Fig. 7A a soUd state light source device 30 is employed as 
said hght source device 10 which has a LED-array 33. the members of which, i. 
e. the distinct light emitting diodes 31, possessing different spectral emission 
25 ranges, i. e. different colours. After the passage of the primary illumination light 
LI through the integrator rod 50 at the gap G' between the hght valve 40 and the 
integrator rod 50. the uniform light distribution and the uniform colour 
distribution after passing the Ught valve 40 is then directed to the projection 
optics 70. 

30 In the case of the embodiment of Fig. 7B three different coloured sohd state light 
source devices 30, each of which being built-up by an array 33 of light emitting 
diodes 31 have distinct spectral ranges or colours with respect to each other. The 
primary iUumination Ught LI of each of said single solid state light source 
devices 30 is directed to the light mixing device 55 which after mixing directs the 

35 output light to the integrator rod 50 to obtain a secondary iUumination Ught L2 
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at the gap G' between the light valve 40 and the Integrator rod 50 having a 
uniform Illumination and colour distribution. 

Figs. 8A smd 8B demonstrate further examples of multiple colour illumination 
devices. In these cases illunodnation hght pipes 50 are used for redirecting and 

5 making uniform received amounts of primary illumination light LI. In contrast to 
the embodiments discussed above, where the incidence aperture 501 at which 
primary illumination light LI enters the distinct integrator rod 50 and the output 
aperture 50E are disposed in parallel to each other, the incidence apertures 501 
and output apertures 50E of the embodiments of Figs. 8A and SB are 

10 perpendicular to each other. Therefore, primary illumination light LI emitted by 
solid state light source devices 30 of the embodiments of Fig. 8A and 8B enters 
the associated illumination light pipes 50 at their base faces, whereas the 
redirected primary illiunination light RLl exits from said illumination light pipes 
50 at side faces thereof* 



15 A difference between the embodiments of Figs. 8A and 8B is that for obtaining a 
multi-colour arrangement in Fig. 8A a pluraUty of single coloured solid state light 
source devices 30 or LRO-arrays 33 is necessary, whereas in the embodiment of 
Fig. 8B multiple coloured solid state light source devices 30 or LED-arrays 33 are 
provided. 

20 Of course, in the embodiment of Fig. 8A according to the multiplicity of single- 
coloured solid state light source devices 30 again a light mixing device 55 is 
necessary. 



The embodiment of Fig. 9 demonstrates an application of the embodiment of Fig. 
7B. having intermediate optics 81, 82 for adapting the cones of acceptance 

25 between the integrator rod 50 and the light valve 40. The Intermediate optics 81, 
82 consists of a lens arrangement 81 and a polarization beam splitter 82 which 
in combination with each other transforms or maps the cone of acceptance of the 
integrator rod 50, i. e. the geometry of the redirected primary illumination light 
RLl, to the cone of acceptance of the light valve 40. which is in the embodiment 

30 of Fig. 9 a reflective U^t valve 40 which allows the passage of secondary 
illumination light L2 to the projection optics 70 upon reflection at the interface 
of li^t valve 40. 
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Reference Symbols 



1 

10 
20 
5 30 
30E 
301 
30O 
31 

10 31-1 
31-2 
31-3 
31-4 
32 

15 33 
40 
40E 
401 
40O 

20 SO 
50E 
50E' 
501 

sor 

25 50O 
508 
50-1 
50-2 
50-3 

30 50-4 
55 
60 
70 
80 

35 81 
82 



Illumination arrangement 
light source devive 

light collecting, integrating and redirecting device 

solid state light source device 

light exit aperture » light output aperture 

light incidence aperture* light entrance aperture 

light exit aperture, light output aperture 

solid state Ught source. LED 

soUd state light source, LED 

solid state light source, LED 

solid state light source. LED 

soUd state light source, LED 

solid state light source 

array of snlid Atate light sources 

light valve device, LCD panel 

light exit aperture, light output aperture 

light incidence aperture, liglit entrance aperture 

light exit aperture, light output aperture 

light integrating device, integrator rod. light pipe 

light exit aperture, Ught output aperture 

light exit aperture, light output aperture 

light incidence aperture, light entrance aperture 

light incidence aperture, light entrance aperture 

light exit aperture, Ught output aperture 

side wall 

light integrating device, integrator rod, Ught pipe 

light integrating device, integrator rod, light pipe 

Ught integrating device, integrator rod, light pipe 

Ught integrating device, integrator rod, Ught pipe 

Ught mixing device, beam sputter device, colour cube device 

display optics 

projection optics 

display, display screen 

intermediate optics, lens arrangement 

intermediate optics, polarization beam sputter 
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Q gap structure 

G' gap structure 

LI primary Illumination light 

1,2 secondary illumination light 

RLl redirected primary illumination light 
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Claims 
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1. Illumination arrangement, in particular for a projection system or the like, 
comprising: 



primary illumination light (LI) and 
. a hght collecting, integrating and redirecting device (20) being adapted for 
receiving at least a part of said primary illumination Ught (LI) from said 
light source device (10) and for redirecting said received primary 
illumination light (LI) so as to obtain redirected primary illumination light 

- (RLl) and for outputting said redirected primary Illumination light (RLl) or 
a derivative thereof as secondary illumination light (L2). 

- wherein said hght source device (10) at least comprises at least one solid 
state Ught source device (30), 

- wherein said Ught coUectlng, integrating and redirecting device (20) 
comprises one li^t valve device (40) being adapted for receiving said 
redirected primary iUuminatlon Ught (RLl) and for outputting said 
secondary illiunination Ught (L2) in a controUable manner, and 

• wherein said Ught coUecting, integrating and redirecting device (20) 
comprises at least one Ught integrating device (50) being adapted for 
directly receiving and for integrating at least a part of said primary 
iUuminaUon light (LI) generated by and emitted from at least one 
associated of said at least one soUd state Ught source device (30) and for 
outputting said redirected primary illumination Ught (RLl) or a derivative 
thereof. 

2. IUuminatlon arrangement according to claim 1 , 

wherein each of said solid state hght source devices (30) is or comprises a 
single or a plurality of solid state Ught sources (31.32, 33). 

3. IUuminatlon arrangement according to claim 2. 

wherein each plurality of said soUd state Ught sources (31. 32. 33) is or 
comprises an array (33) of soUd state Ught sources (31. 32). 

4. IUuminatlon arrangement according to anyone of the claims 2 or 3. 

wherein dififerent kinds of solid state Ught sources (31, 32, 33) are involved, 
each of which in particular being adapted for generating and emitting 
radiation or Ught of distinct spectral ranges or colours and/ or in particular 
being orgaiUzed in distinct groups. 



- a Ught source device (10) being adapted for generating and for emitting 
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S. lUuminatlon arrangement according to anyone of the claims 2 to 4, 

wherein said soUd state Ught source (31. 32, 33) is a single. U^t emitting 
diode (31) or a multlplicHy of light emitting diodes (31). 

5 6. lUumlnation arrangement according to anyone of the claims 2 to 5, 

wherein said soUd state Ught source (31. 32. 33) is a single edge-emitting 
light emitting diode or a multlpUcity of edge-emitting hght emitting diodes. 

7. Illumination arrangement according to anyone of the claims 2 to 6. 

10 wherein said soUd state hght source (31, 32. 33) is a single vertical cavity 

surface emitting laser device (32) and/or a laser diode or a multlpUcity of 
vertical cavity surface emitting laser devices (32) and/or of laser diodes. 

8. lUumlnation arrangement according to anyone of the claims 2 to 7, 

15 whereto said soUd state Ught source (31. 32. 33) Is a single resonant cavity 

Ught emitting diode or a multlpUcity of resonant cavity Ught emitting laser 
diodes. 

9. lUumlnation arrangement according to anyone of. the preccdtog claims, 

20 wherein said Ught integrattog device (50) and said at least one associated 

soUd state light source device (30) are disposed to closed spatial proximity or 
relationship to each other. 

10. niumtoation arrangement accordtog to anyone of the precedtog claims. 

25 whereto said Ught totegrattog device (50) and said at least one associated 

soUd state ll^t sourc^e device (30) are disposed to direct mechanical contact 
to each other. 

1 1 . lUumtoation arrangement accordtog to anyone of the precedtog claims. 

30 whereto said Ught totegrattog device (50) and said at least one assoctoted 

soUd state Ught source device (30) are disposed havtog a gap structure (G) 
between them, to particular an air gap (G) or an evacuated gap (G), the gap 
width of which in particular betog smaU compared to the cross-section of the 
Ught totegrattog device (50) or the Ught source device (30). 

35 

12. lUumtoation arrangement accordtog to anyone of the precedtog claims. 



. whereto said Ught totegrattog device (50) has a Ugjit tocldence aperture 
(501). 

- whereto said associated solid state Ught source device (30) has a Ught 



. whereto said Ught emltttog aperture (30O. 30E) is less than or equal to 
said Ught tocldence aperture (501). 



40 



emltttog aperture (30O. 30E). and 
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13. Illumination arrangement according to anyone of the preceding claims. 

- wherein said light valve device (40) has a light incidence or entrance 
aperture (401). 

• wherein said light integrating device (50) has a hght output or exit 
aperture (50O, 60E). and 

* wherein said light incidence or entrance aperture (401) of said light valve 
device (40) is less than or equal to said light output or exit aperture (50O, 
50£) of said light integrating device (50). 

14. Illumination arrangement according to anyone of the preceding claims, 
wherein said light integrating device (50) is a hght pipe, an integrator rod. or 
the like. 

15. Illumination arrangement according to anyone of the preceding claims, 
wherein said light integrating device (50) is a solid rod. in particular made of 
an optical transparent material, of plastic, glass, or the like. 

16. Illumination arrangement according to anyone of the preceding c!atms, 
wherein said light integrating device (50) is a hollow tube device having 
reflecting or mirrored inner walls (50s) or side faces (50s). 

17. Illumination arrangement according to anyone of the preceding claims, 
wherein said hght integrating device" (50) has a square, rectangular, 
hexagonal, equilateral triangular, oval, or a circular cross-section. 

18. niummation arrangement according to anyone of the preceding claims, 
wherein said Ught integrating device (50) is or comprises a light mixing 
device (55) , in particular a beam sphtter device (55). a colour cube device 
(55). or the like. 

19. Illumination arrangement according to claim 18. 

wherein said Ught integrating device (50) comprises a plurality of li^t 
incidence or entrance apertures (501) and at least one light output or exit 
aperture (50O. SOE). 
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Illumination arrangement for a projection system 

An Illumination arrangement (1) for a proJecUon system is proposed comprising a 
light source device (10) and a light coUectlng. Integrattog and redirecting device 
(20) The light source device (10) comprises one soUd state Ught source device 
(30). The light coUecting. Integrating and redirecting device (20) comprises at 
least one light mtegratlng device (50). which Is adapted to dlrecUy receive and to 
integrate at least a part of primary Illumination light (LI) generated by and 
emitted from at least one associated of at least one solid state Ught source device 
(30). 



(Fig. I) 



